PATENT ABSTRACTS OF JAPAN 



(ll)Publication number : 2003-077805 
(43)Date of publication of application : 14.03.2003 



(5Dlnt.CI. 



(2 1) Application number: 2001-266148 

(22) Date of filing : 03.09.2001 



HOIL 21/027 
G02B 17/00 
G03F 7/20 
G21K 1/06 



(71) Applicant: NIKON CORP 

(72) Inventor : MURAKAMI KATSUHKO 

KOMATSUDA HIDEKI 
YAMAMOTO MASAKI 







'■1 






■r- 1 









(54) OPTICAL SYSTEM MANUFACTURING METHOD AND EUV ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: Tb provide a method of practicaUy 
manufecturing an optical system by appljdng a technology of 
removing a surfeice layer of a multilayer film, to correct the 
sur&ce shape of a multilayer film mirror. 

SOLUTION: The method comprises a board processing step of 
-processiQg mirror boards at specified shape acciiracy and a 
specified surfeice roughness, a multilayer film forming step of 
forming multilayer films on the mirror boards, an optical system 
assembling step of mounting the midtilayer film mirrors in a 

\ ' ' £ tube to assemble an optical ^stem, a wave fixjnt measuring step 

^^^JIl^^ of measuring the wavefix)nt aberration of the mirrors at an 

^ operating wavelength, a correction calculating step of calculating 

the correction of each mirror sur&ce shape fix>m the measured 
wave fix)nt, if the measured wave fix^nt aberration Hes outside a 
specified value, and a step of removing a specified thickness 
portion of the multilayer film to correct the mirror shape, 
followed by the assembling of the optical system and the 
measmrement of the wave fix>nt aberration, and repeats a cycle of 
the correction calcxilating step, multilayer film correcting process step, optical system assembling step and 
wave firont aberration measuring step, until the wave fix>nt aberration satisfies the specified value. 
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CLAIMS 
[ClaimCs)] 

[Claim 1] The first process which processes into a predetermined configm^tion precision two or more mirror 
substrates which constitute optical system, The second process which forms the multilayers which reflect the 
light of predetermined wavelength in each mirror substrate, Thus, the third process which fixes each 
manufactured multilayers mirror to a lens barrel, and assembles optical system. The fourth process which 
measures the wave aberration of the optical system concerned on the operating wavelength of the optical 
system concerned, Until wave aberration becomes below a predetermined value including the fifth process 
which computes the amount of amendments of optical system firom the measured wave aberration, and the 
sixth process which amends the configuration which removes the multilayers fix)nt fkce of each multilayers 
mirror alternatively and is equivalent to the amount of configuration amendments The manu&cture 
approach of the optical system characterized by repeating successively the fifth process, sixth process, third 
process, and fourth process. 

[Claim 2] The manufeicture approach of the optical system according to daim 1 characterized by insertii^ 
the process which processes a hole, notching, etc. between said first process and second process. 
[Claim 3] The manufecture approach of the optical system according to claim 1 or 2 characterized by making 
[ more ] the nimiber of laminatings of multilayers in said second process than the siun with the maximum of 
a number of layers required in order to obtain a predetermined reflection fector at the time of use of optical 
system, and the number of layers removed by configuration amendment. 

[Claim 4] It is the manufecture approach of optical system given in any 1 term among claim 1 to claims 3 

characterized by measuring wave aberration on two or more wavelength in said fourth process. 

[Claim 5] It is the manufecture approach of optical system given in any 1 term among claim 1 to claims 4 

which make a performance index the svma of squares in the pupil svarfkce into which the difference of the 

optical-path-length change when amending optical system and the amount of gaps from the non-aberration 

wave finont of the measured wave fix>nt was divided in said fifth process, and are characterized by computing 

the amount of amendments by optimizing so that this performance index may become min. 

[Claim 6] It is the manufecture approach of optical system given in any 1 term among claim 1 to claims 5 

characterized by computing the parameter about the mutual location of a mirroi; and the configuration of a 

mirror as an amount of amendments of optical system. 

[Claim 7] It is the manufecture approach of optical ^stem given in any 1 term among claim 1 to claims 5 
characterized by computing only the parameter about the configuration of a mirror as an amovmt of 
amendments. 

[Claim 8] It is the manufecture approach of optical system given in any 1 term among claim 1 to claims 7 
characterized by expressii^ the parameter about a mirror configuration by i^stem of orthogonal functionses, 
such as the Zemike polynomials. 

[Claim 9] It is the manufectiu^ approach of optical system given in any 1 term among claim 1 to claims 8 
characterized by adding a limit so that only the discrete numeric value which makes a unit the field 
con%uration change considerable amount when removing a part for a roimd term of multilayers as an 
amount of amendments about a mirror configuration may be adopted , in case the amoxmt of amendments is 
optimized . 

[Claim 10] It is the manufecture approach of optical system given in any 1 term among claim 1 to claims 9 
characterized by observing the field internal division doth of the amotmt of processings with the image by 
the Hght or infrared Ught with a wavelength of 400nm or more in said sixth process. 

[Claim 11] The reflecting mirror chEuracteiized by preparing a ooordinate reference mark outside the service 
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area of a reflector. 

[Claim 12] Sofl;-X-ray optical system characterized by being constituted using the optical system 
manufectured by the approach given in any 1 term, or a reflecting mirror according to claim 11 among claim 
1 to claims 10. 

[Claim 13] The EUV aligner characterized by having sofli-X-ray optical ^stem according to claim 12. 
[Claim 14] The EUV aligner characterized by being constituted using the optical system manu&ctured by 
the approach given in any 1 term, or a reflecting mirror according to claim 11 among claim 1 to claims 10. 



DETAILED DESCRIPTION 
[Detailed Description of the Invention] 
[0001] 

(Field of the Invention] This invention relates to the EUV al^er equipped with the manu&cture approach 
of the optical system used for the soft-X-ray projection aligner used for manufacture of a semiconductor 
device etc., other soft-X-ray optical instruments, etc., the soft-X-ray optical system manufactured by this 
manufacture approach, and soft-X-ray optical system. 
[0002] 

[Description of the Prior Art] In order to raise the resolution of the optical system restricted by the diffiraction 
limitation of light with progress of detailed-izing of a semiconductor integrated circuit component in recent 
years, iastead of the conventional ultraviolet rays, the projection lithography technique which used soft X ray 
with a wavelength [ with wavelength shorter than this ] of about ll-14nm is developed. (For example, 
D.Tichenor, et al., SPIE 2437 (1995) 292 reference) Those contents are the same although this technique is 
also recently called EUV (Extreme Ultra "Wolet' extreme ultraviolet rays) Kthography. (It is hereafter, called 
EUV lithography) . EUV hthography is expected by the conventional optical Uthography (wavelength of 
about 190nm or more) as a future lithography technique of having unrealizable resolution 70nm or less. 
[0003] Since the refractive index of the matter is very dose to 1 in this wavelength region, the conventional 
optical element using refraction or reflection cannot be used. Therefore, the oblique incidence mirror using 
the total reflection by a refractive index being more slightly [ than 1 ] small, the multilayers mirror which 
doubles a phase, is made to carry out the a large number superposition of the feeble reflected Ught in an 
inter&ce, and obtains a reflection fector high as a whole are used. In the wavelength region near 13.4nm, if 
the Mo/Si multilayers which carried out the laminating of a molybdenum (Mo) layer and the silicon (Si) layer 
by turns are used, 67.5% of reflection fiictor can be obtained by direct incidence, and if the Mo/Be multilayers 
which carried out the laminating of Mo layer and the beryflitim (Be) layer by tiuns are used, 70.2% of 
reflection fector can be obtained by direct incidence in the wavelength region near the wavelength of 11.3nm. 
(For example, CMontcabn, ProcSPIE, VoL3331 (1998) P.42 reference.) 

[0004] EUV lithography equipment is mainly constituted by the sofl;-X-ray hght source, an fllumination-hght 
study system, a mask stage, image formation optical system, the wafer stage, etc. The laser plasma hght 
source, the discharge plasma light source, synchrotron orbital radiation, etc. are used for the soft-X-ray Ught 
source. An illumination-Hght study system is constituted by the obUque incidence mirror which reflects in a 
reflector the soft: X ray which carried out incidence from across, the multilayers mirror in which a reflector is 
formed of mviltilayers, the filter which makes only the soft X ray of predetermined wavelength penetrate, 
and is iUvuninated with the soft X ray of the wavelength of a request of on a photo mask. In addition, since 
the matter transparent in the wavelength region of soft X ray does not exist, not the mask of the 
conventional transparency mold but the mask of a reflective mold is used for a photo mask. Image formation 
of the circuit pattern formed on the photo mask is carried out on the wafer with which the photoresist was 
applied, and it is imprinted by the projection image formation optical system which consisted of two or more 
multilayers mirrors etc. at a photoresist. In addition, in order for soft X my to be absorbed by atmospheric air 
and to decrease it, the whole of the optical path is maintained by the predetermined degree of vacuiun (for 
example, 1x10 to 5 or less Torrs). 

[0005] Projection image formation optical system is constituted by two or more multilayers mirrors. Since 
the reflection fector of a multilayers mirror is not 100%, in order to suppress loss of the quantity of Ught, as 
for the number of sheets of a mirror, lessening as much as possible is desirable. Until now, the optical system 
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(for example, TJewell and K.Thompson, USP 5,315.629, TJewell, USP 5,063,586 reference) which consists 
of four multilayers mirrors, the optical system (for example, D.Williamson, JP,9-211332A USP 5,815,310 
reference) which consists of six multilayers mirrors are reported. 

[0006] Unlike the dioptric system to which the flux of light advances to an one direction, by catoptric system, 
the flux of Ught wifl go in optical system. For this reason, it is difficult for there to be a limit of avoiding the 
eclipse of the flux of Ught by the mirror, and to enlarge numerical aperture CNA). Although NA is made only 
by about 0.15 in four-sheet optical system, the design of optical system with stiU larger NA is attained in 
six-sheet optical system. 

[0007] In such optical system, the ntunber of sheets of a mirror is usually even nimiber so that a mask stage 
and a wafer stage can arrange on both sides of projection image formation optical system. Since such 
projection image formation optical system must amend the aberration of optical system with the limited 
number of pages, it is the ring field optical system by which the aspheric svirfece configuration was apphed to 
each mirror, and aberration was amended only near the predetermined image quantity. In order to imprint 
the whole pattern on a photo mask on a wafer, it exposes making a mask stage and a wafer stage scan at a 
different rate by the scale factor of optical system. 

[OOOS] The above projection image formation optical system of an aligner is the so-called optical system of a 
diffraction limitation, and unless it makes wave aberration small enough, it cannot obtain the engine 
performance as a design. As a standard of the allowed value of the wave aberration in the optical system of a 
diffi^ction limitation, there are criteria less than of 1/14 of operating wavelength with the mean square value 
(RMS) by Marechal. (M.Bom and E.WolC Principles of Optics, 4th edition, Pei^amon Press 1970, p.469 
reference) This is conditions for Strehl reinforcement Oratio of the maximum of the point reinforcement 
between optical system and non-aberration optical system with aberration) to become 80% or more. In order 
to fill a severe demand of a line breadth controUabihty etc., the actual projection image formation optical 
system of an aligner is manufactured so that it may become aberration stOl lower than this. 
[0009] In the EUV hthography technique in which researches and developments are done briskly now, as for 
exposure wavelength, the wavelength 13nm or near llnm is mainly used. The configuration error CFE) 
permitted by each mirror is given by the degree type to the wave aberration (WFE) of optical system. 
FE=WFE/(2*nl/2) [RMS] - (l) n is the niunber of the mirrors which constitute optical system here, and 
divide by fiirther 2 because a twice as many error as a configuration error rides on wave aberration, since 
both incident light and the reflected light are influenced of a configuration error in catoptric system, 
respectively. Afl:er afl, in the optical system of a diffiraction hmitation, the configuration error (FE) permitted 
by each mirror is given by the degree type as a fimction of the number of sheets n of wavelength lambda and 
a mirror. 

FE=lambda/(28*nl/2) \BMS] - In the case of the optical system by which the value of FE was constituted 
fix)m wavelength of 13nm by four mirrors according to the (2) and (2) type, it is 0.23nm. In the case of the 
optical system which was set to [RMS] and consisted of six mirrors, it is 0.19nm. It is set to [RMS]. However, 
it is very di£&cult to manu&cture the mirror of such a highly precise aspheric svufece configuration, and 
EUV Hthography has become the first easfly imutdlizable cause. The process tolerance of the aspheric storfece 
attained by current is 0.4-0.5nm. It is extent of [RMS] (C.Gwyn, Extreme Ultraviolet Lithography White 
Paper, EUV LLC, 1998, pl7 reference), and in order to realize EUV hthography, the large improvement in 
the processing technique of the aspheric surfe.ce and a measurement technique is needed. 
[00 10] The epoch-making technique which can amend Factice's nm configuration error substantially was 
reported by by shaving off the fit)nt fece of a mxdtilayers mirror every fiirther recently CM.Yamamoto, 7 th 
International Conference on S3aichrotron Radiation Instrumentation, Berlin Germany, August 21-25, 2000, 
POS 2-189). The principle is explained using drawing 2 . 

[OOll] it is shown in drawing 2 (a) - as - A and B - the case where a pair is fiui;her removed as shown in 
drawing 2 (b) is considered fiiom the fix>nt fece of the mtdtilayers which carried out the laminating of two 
kinds of matter by turns by the fixed cycle length d. The optical path length OP of a multilayers 1 -layer pair 
of thickness d to the beam of Ught which advances perpendicularly to a multilayers ftxjnt fece by drawing 2 
(a) is OP=nA*dA+nB*dB. - It is given by (3). dA and dB express the thickness of each class and is dAH-dB=d 
here. nA and nB - Matter A and B it is each refi:active index. Optical-path-length OP' of the part of 
thickness d which removed the one layer pair of multilayers on the fix)nt fece of the maximvun by drawing 2 

4 



(b) is OP*=n*d. - It is given by (4). n expresses a vacuous refractive index and is 1. By removing the 
maximum upper layer of multilayers, the optical distance to which the beam of light which passes through 
that progresses wiU change. This is optically [ as having corrected the field configuration by the change 
substantially .] equivalent. The change (namely, change of a field configuration) delta of the optical path 
length is deltaOF OR - It is given by (5). 

[0012] In the wavelength region of soft X ray, since the refiractive index of the matter is dose to 1, delta 
becomes a small amovmt and amendment of a precise field configuration is attained by this approach. As an 
example, the case where Mo/Si multilayers are used on the wavelength of 13.4nm is shown. In order to use it 
by direct incidence, they may be d= 6.8nm, dMo=2.3nm, and dSi=4.5nm. The refiractive indexes in this 
wavelength are nMo=0.92 and nSi=0.998. If change of the optical path length is calculated using these 
numeric values, they are OP=6.6nm and OP'=6.8nm, It is set to delta= 0.2nm. That is, processing which 
removes a layer with a thickness of 6.8nm can amend the field configuration of 0.2nm (reflector 
configuration). 

[0013] In addition, siace the refiractive index of Si layer is dose to 1 in the case of Mo/Si multilayers, change 
of the optical path length is not based mainly on the existence of Mo layer, and it hardly depends for it on the 
existence of Si layer. Therefore, in case the layer of multilayers is removed, there is no need of controDing the 
thickness of Si layer correctiy. In this example, processing shoidd just stop the thickness of Si layer in the 
middle of those with 4.5nm, and this layer. That is, field configuration amendment of 0.2nm xmit can be 
performed by processing precision of several nm. 

[0014] In addition, if the reflection fector of multilayers increases with the number of laminatings and a fixed 
number of layers is exceeded, it will be saturated, and it becomes fixed. If the laminating of svif&dent nvunber 
of layers to saturate a reflection &ctor beforehand is carried out, even if it removes some multilayers fix)m a 
firont face, change of a reflection &ctor will not be produced. * 
[0015] 

[Problem(s) to be Solved by the Invention] Although this approach was very eflfective, the approach of 
applying this approach to manu&cture of actual optical system was not necessarily clear. 
[0016] Let it be a technical problem to make this invention in view of such a situation, to apply the technique 
which removes the surfeice layer of multilayers and amends the field configuration of a multilayers mirror, 
and to offer the EUV aligner which has the method of actually manufectiuing optical system and a smtable 
reflecting mirror to use it for this approach, the sofli-X-ray optical system that has the optical system 
manu&ctured by this approach, and such soft-X-ray optical system. 
[0017] 

[Means for Solving the Problem] The first process which processes into a predetermined configuration 
precision two or more mirror substrates with which the 1st means for solving said technical problem 
constitutes optical system, The second process which forms the multilayers which reflect the light of 
predetermined wavelength in each mirror substrate, Thus, the third process which fixes each manufactured 
multilayers mirror to a lens-barrel, and assembles optical system, The fourth process which measiures the 
wave aberration of the optical system concerned on the operating wavelength of the optical system concerned. 
Until wave aberration becomes below a predetermined value induding the fifth process which computes the 
amount of amendments of optical system from the measured wave aberration, and the sixth process which 
amends the configuration which removes the multilayers fix>nt fece of each multilayers mirror alternatively, 
and is equivalent to the amount of configuration amendments It is the manufacture approach (claim l) of the 
optical system characterized by repeating successively the fifth process, sixth process, third process, and 
fourth process. 

[0018] In this means, he is the erector of the optical system as having been carried out conventionally with 
the first process to the third same process. In this means, afi:er doing in this way and completing the 
assembly of optical ^stem, in the fomth process, the wave aberration of the optical system concerned is 
measiured on the operating wavelength of optical system. This can be performed using a weU-known 
interferometer. 

[0019] And in the fifth process, the amoimt of amendments of optical ^stem is computed Scorn the measvired 
wave aberration. Here, in the amount of amendments of optical system, the amoimt of amendments of the 
shape of surbce type of each mvdtilayers mirror is contained at least. In addition, "the shape of sm&oe type 
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of a mirror'' is a configuration of the reflector at the time of considering not the physical shape of actual 
surfece type but a multilayers mirror to be the mirror which has a single reflector. 

[0020] Next, in the sixth process, alternative removal of multilayers is performed so that the amovmt of 
amendments of the shape of surface type of the multilayers mirror obtained at the fifth process may be 
obtained using the surface type-like correction approach of the multilayers mirror by the mvdtilayers 
removal explained using drawing 2 . That is, multilayers are removed as the thickness of the multilayers 
removed according to the surfece part of a multilayers mirror is changed. It can be called for by the 
aforementioned (3) formula - (5) type it is necessary what mmiber of layers of multilayers to remove 
corresponding to the amoimt of amendments of the shape of surfece type of the multilayers mirror obtained 
at the fifl;h process. 

[0021] In addition, in case it moves from the fifth process to the sixth process, it cannot be overemphasized 
that the assembled optical system must be decomposed. Moreover, in the fourth process performed first, 
when it is below the predetermined value whose wave aberration is an allowed value, it cannot be 
overemphasized that the fifl:h process and the sixth process are also unnecessary. 

[0022] The fourth process is again returned and carried out to the third process continuously after the sixth 
process termination. And when the measured wave aberration becomes below the predetermined value that 
is an allowed value, all processes are ended there. When wave aberration has not become below a 
predetermined value, the third process and the fourth process are again performed through the fifth process 
and the sixth process. This actuation is repeated until the wave aberration measured at the fourth process 
becomes below a predetermined value. 

[0023] Thereby, using the configuration correction technique of the multilayers mirror by removal of 
multilayers, configuration amendment of a multilayers mirror can be performed and wave aberration can be 
certainly made less than into an allowed value. 

[0024] The 2nd means for solving said technical problem is said 1st means, and is characterized by inserting 
the process which processes a hole, notching, etc. between said first process and second process (claim 2). 
[0025] It is necessary to decide the appearance of each mirror that the reflected beam of light is not kicked by 
the mirror in catoptric system like EUV optical ^stem. Therefore, a hole and notching are prepared in a 
mirror in many cases, if substrate appearance processing of a hole, notching, etc. tends to be performed first 
and it is going to perform substrate processing which sends mirror configuration precision afterwards - the 
periphery of a hole or notching - "edge " the phenomenon who" will arise and process tolerance will be 
degraded, "edge - who" is the phenomenon in which a desired configuration precision is not acquired by a 
polish rate consisting of other parts early near [ the periphery section, a periphery of a hole, etc. ]. if substrate 
processing which sends mirror configuration precision previously is performed and substrate appearance 
processing of a hole, notching, etc. is performed afterwards "edge - although who" is not produced, 
deformation will arise by disconnection of the internal stress by substrate appearance processing shortly 
[0026] In this means, the process which processes a hole, notching, etc. between the first process which 
processes a mirror substrate into a predetermined configuration precision, and the second pix)cess which 
forms the multilayers which reflect the Hght of predetermined wavelength in each mirror substrate is 
inserted, therefore, "edge - who" does not arise Moreover, since deformation of the mirrer produced 
according to the process which processes a hole, notehing, ete. is compensated by adjustment of the mirror 
configuration by removal of multilayers, it can be made into the configuration aiming at a mirror 
configuration. 

[0027] The 3rd means for solving said technical problem is said the 1st means or 2nd means, and is 
characterized by making [ more ] the number of laminatings of multilayers than the sum vidth the maximum 
of a number of layers required in order to obtain a predetermined reflection fector at the time of use of optical 
Sfystem, and the number of layers removed by configuration amendment in said second process (claim 3). 
[0028] In this means, since it is made [ more ] than the sum with the maximum of the number of layers 
which needs the number of layers of the multilayers formed in order to obtain a predetermined reflection 
fector at the time of use of optical system, and the number of layers removed by configuration amendment, 
also after performing configuration amendment, the amendment film of a number of feyers required in order 
to obtain a predetermined reflection fector at the time of use of optical system can remain, and, therefore, a 
predetermined reflection fector can be obtained. A number of layers required in order to obtain a 
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predetermined reflection fector at the time of use of optical ^stem can be fbimd by the well-known count 
technique. The maximum of the nimiber of layers removed by configuration amendment can be calculated 
by experience. 

[0029] The 4th means for solving said technical problem is either of said 1st means to the 3rd means, and is 
characterized by measuring wave aberration on two or more wavelength in said fourth process (claim 4). 
[0030] The wavelength region where such optical system is used has a certain amount of breadth, although 
usual is narrow. Therefore, evaluation of wave aberration is attained to the wavelength of the area within 
operating wavelength by measiuing wave aberration on two or more wavelength of the area within 
operating wavelength. Therefore, using the wave aberration to two or more wavelength as a performance 
index, the amoimt of amendments of optical system can be computed and the configuration amendment in 
consideration of aU the wavelength of the area within operating wavelength is attained so that an example 
may be raised as a gestalt of operation to behind. 

[0031] The 5th means for solving said technical problem is either of said 1st means to the 4th means, and is 
set at said fifth process. The sxun of squares in the pupil sur&ce into which the difiference of the 
optical-path-length change when amending optical system and the amount of gaps fix>m the non-aberration 
wave fixjnt of the measxired wave fix)nt was divided is made into a performance index, and it is characterized 
by computing the amount of amendments by optimizing so that this performance index may become min 
(claim 5). 

[0032] In this means, the pupU which a beam of %ht passes is divided into plurality, and the amount of gaps 
with the non-aberration wave ixx>nt of the measxu^d wave fix)nt is calculated about the beam of Ught which 
passes through each divided field and carries out image formation to one point of the image surfece. On the 
other hand, it asks for chaise of the optical path length obtained when [ each of these beams of Ught ] optical 
system is amended about ******** as a fimction of the parameter which amends optical system. And the 
amount of gaps with the non-aberration wave fix)nt of the measured wave fix)nt wiQ be compensated with 
change of the optical path length obtained when optical system is amended. Since there are two or more 
optical paths, a parameter is determined using a least square method. 

[0033] That :is, the difference of change of the optical patii length obtained about the beam of light which 
passes through said divided field in each, and carries out image formation to one point of the image surfece 
when optical system is amended, and the amoimt of gaps with the non-aberration wave fix)nt; of the 
measured wave fix)nt is searched for, it asks for the square of this difference about aU beams of Hght, **'s and 
others sum is taken, and the parameter which amends optical system so that that sum may be made into 
min is determined. 

[0034] Thereby, the amount of amendments of optical system can be calculated in consideration of the beam 
of Hght passing through all the locations of a pupil surfeice. 

[0035] The 6th means for solving said technical problem is either of said 1st means to the 5th means, and is 
characterized by computing the parameter about the mutual location of a mirror, and the configuration of a 
mirror as an amount of amendments of optical system (claim 6). 

[0036] This means is effective when the adjustment parts of optical system are both the interrelation of a 
mirror, and the configuration of each mirror. That is, since both can be found as an amount of amendments of 
an optical system, it becomes possible to adjust both to coincidence. 

[0037] The 7th means for solving said technical problem is either of said 1st means to the 5th means, and is 
characterized by computing only the parameter about the configuration of a mirror as an amount of 
amendments (daim 7). 

[0038] This means is effective when the adjustment part of optical system is only the configuration of each 
mirror. 

[0039] The 8th means for solving said technical problem is either of said 1st means to the 7th means, and is 
characterized by expressing the parameter about a mirror configuration by system of orthogonal fimctionses, 
such as the Zemike polynomials, (claim 8). 

[0040] Since the order of a polynomial can be chosen according to the precision made into the purpose while 
it is possible to compute the compUcated amount of amendments sjmametrical with nonrotation if this 
technique is taken in, the count which determines a parameter by the shortest time amovmt according to the 
piupose can be made to complete in either of said 1st means to the 7th means, although it is the well-known 
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approach to express the parameter about a mirror configuration by system of orthogonal fimctionses, such as 
the Zemike polynomials. 

[0041] the 9th means for solve said technical problem be either of said 1st means to the 8th means , and in 
case It optumze the amount of amendments . it be characterize by add a hmit so that only the discrete 
numeric value which make a unit the field configuration change considerable amount when remove a part 
( d^9)' ™"ltilayers as an amount of amendments about a minor configuration may be adopt 

[0042] Correction of the mirror configuration by multilayers removal as shown in Fig. 2 is made by removing 
multatoyers per round term ^air unit of the layer which is a pair). Therefore, as an amount of amendments 
which can be operated, the field configuration change considerable amount when removing a part for a 
round term of multilayers serves as the minimum unit. 

[0043] In this means, since the limit is added so that only the discrete numeric value which makes a unit the 
field configuration change considerable amount when removing a part for a reund term of multilayers as an 
amount of amendmente about a mirror configuration may be adopted in case the amount of amendmente is 
optumzed, only the actually applicable amount of amendments can be obtained as a solution 
10044] The 10th means for solving said technical problem is either of said 1st means to the 9th means, and is 
chara<*enzed by observing the field internal division cloth of the amount of processings with the image by 

thehghtormfiWhghtwithawavelengthof400nmormoreinsaidsixthprecess(claim 10) 
10045J As mentioned above, multilayers according [ multilayers ] to tiie combination of Mo and Si are used in 
many c^s. In the Ught or an infi^d hght field with a wavelength of 400mn or more, as for the reflection 
fector of Mo and Si. the difference becomes large. Therefore, if the light of this wavelength region is 
nrmdiatad and the processed screen is observed, the stamped pattern according to the amount of processings 
wJl be observed according to the difference of the reflection foctor of Mo and Si in a processing cross section 
Therefore since tiie amount of processings can be measured by observing this staiped pattern, it is 
processible. checkmg whether the target processing is performed. 

[0046] The nth means for solving said technical preblem is a reflecting minor (claim 11) characterized by 
preparmg a coordinate reference mark outside the service area of a reflector. 

[0047] In this means, since it is processible by making a coordinate reference mark into a reference point 
exact processmg is possible. Moreover, since a coordinate reference mark is prepared outside the service area 
ot a reflector, it does not affect the optical properly of a reflecting mirror. 

[0048] The 12th means for solving said technical preblem is the optical system manufectiired with either of 
said 1st me^ to the 10th means, or soft X ray optical system (daim 12) characterized by being constitiited 
usu^ the reflectii^ mirror which is said 11th means. 

[0049] In this means, since the wave abenation of optical ^stem used can be adjusted so that it may become 
m tolerance certainly, it can consider as sofl;-X-ray optical system with a high precision 
10050] The IStii means for solving said technical preblem is an EUV aligner (daim 13) charad»rized by 
havmg said 12th means. ^ 

[0051] The 14th means for solving said tedinical problem is an EUV aUgner (daim 14) characterized by 
consisting of said 1st means using the optical system manufectured with either of the 10th means or the 
reflecting mirror which is said 11th means. 

[0052] In these EUV ahgners. since the wave abenation of optical system used can be adjusted so that it 

may become m tolerance certainly, it can consider as an EUV aligner with a high precision. 

l0053j 

[Embodiment of the Invention] Hereafter, the example of the gestalt of operation of this invention is 
ejj, Wd usmg drawing. Drawing 1 is drawing showing the manufocture process of the optical system 
which IS the gestalt of operation of this invention. 

[0054] First, a n^r substrate is processed into a predetennined configuration predsion and surfece 
roughness as the first process (substa^te processing). In the case of the projection optics of an EUV exposure 
madnne. the configuration of each minor is not the spherical surfece but the aspheric surfece, and the 
number of sheete of the minor which constitiites optical system has cases, such as four sheete six sheete 
and eight etc. sheets. 

[0055] Next, as the second process, multilayers are fonned to these minor substrates (multilayers 
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membrane formation). Generally near the wavelengtli of 13nm, Mo/Si multilayers are used. The cycle length 
of multilayers is decided by the incident angle of operating wavelength and a beam of Ught. Since the 
incident angle of a beam of Ught changes with locations also in the field of one mirror, it forms membranes by 
controlling distribution of thickness to a precision so that a beam of hght can be reflected efl&cientiy in every 
location. 

[0056] Next, as the third process, these mxiltilayers mirrors are attached in a lens-barrel, and optical ^stem 
is assembled (optical-system assembly). The wave aberration of optical system originates not only in the 
configuration error of each mirror but in the rigging error of optical system. It roughly divides into the 
approach of assembling optical system, and there are two kinds of approaches among them. One is the 
approach of assembling only in mechanical assembly precision, and another is the approach of assembling, 
while adjusting by establishing an adjustment device. 

[0057] In order to adjust the latter, the wave fix>nt to the Ught may be measured using the interferometer 
which used the Ughts, such as heUiun-Ne laser. Although the wave fix)nt of EUV wavelength and the wave 
fix)nt measured by the hght are not strictly the same, since the difference is comparatively small, it can use 
for rigging. 

[0058] Next, as the fourth process, the wave aberration of the assembled optical system is measiu^d on the 
wavelength to be used (wave-fix)nt measurement). In the case of EUV exposure machine projection optics, a 
wave firont is measured with the EUV light near 13nm. Although the Fizeau interferometer is generally used 
for wave-fix)nt measurement of an ultraviolet-rays field from, the Ught, the another measurement approach is 
needed in the wavelength region of EUV which cannot use a lens. PDI which performs comparison 
measurement with the di£Bracted-wave side by the pinhole (Point Diffraction Interferometer) For example, 
KGoldberg, et al., ProcSPIE, and VoL3997 (2000) p.867 reference, The shearing interfeiometer cany out 
[ horizontal^** ] and pile up by carrying out a wave firont (for example) RNauUeau and et al., Abstract of the 
44th By using technique, such as International Conference on Electron, Ion and Photon Beam Tfechnology 
and Nanofebrication (2000), and R94 reference The wave fix»nt of the optical system in EUV wavelength can 
be measured. Measurement of wave aberration is measured in respect of pluraUly so that the situation of not 
only one in the e3q>osure field but the whole exposure field may be known. 

[0059] EUV optical system has the bandwidth of the magnitude of extent which cannot be disregarded 
compared with operating wavelength. For example, the bandwidth of the projection optics which consisted of 
six IVIo/Si multilayers mirrors for the wavelength of 13.4nm is 0.35nm. Although catoptric system does not 
have chromatic aberration theoretically, since the phase change by multilayers reflection changes with 
wavelength, wave aberration changes with wavelength sl^htiy strictly. That is, the chromatic aberration 
resulting fix)m multilayers occurs. 

[0060] In order to optimize in consideration of this effect, it is good for there to be nothing only on one 
wavelength and to perform measurement of wave aberration on two or more wavelength. For example, as 
shown in drawing 6 , wave aberration is measin^d on the wavelength lambdal and lambdaS of the 
perimeter other than the projection system permeability peak location wavelength lambda 2. The wave 
aberration measured changes sUghtiy with wavelength. From such wave aberration, the average is 
calculated carrying out weighting according to the permeability of the optical system in each measurement 
wavelength, and let this be the wave aberration of optical system. By completing such a prooediire, the value 
of the wave aberration which expressed the actual property of optical system more correctly can be acquired. 
If the value of the measured wave aberration is contained in predetermined specification value within the 
limits, optical system is completion now. Generally, since it does not yet go into specification value within the 
limits in this phase, the following processes are carried out. 

[0061] That is, the amoimt of amendments of each multilayers mirror side configuration is calculated fix)m 
the measured wave fix)nt as the fifth process (the amount coxmt of amendments). The method of calcxilating 
the amount of amendments is as follows. 

[0062] First, the measured wave front is suitably divided finely in consideration of precision to calculate, the 
capacity of a computer, etc. An approach which may divide the whole wave-fix)nt siu^ce equally and carries 
out the fi:^gmentation rate only of the center is sufficient as the method of division. The amount of gaps fix)m 
a non-aberration wave fix»nt of each divided area central part is set to fl-fii. Next, a pupil is divided into the 
same configuration as the time of dividing a wave fix>nt to the design solution of the optical system which 
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became ori^. and the optical path length fiom a body to the image of the beam of hght which passes 
[0063] changmg spacmg of a m^r, an inchnation. and eccentricity **** - radius of curvature aS the 

™d^rr"f'u''^^^^ 

[0064] counting etc. Here, a performance index phi is set up as foUows. 



[0064] 
[Equation 1] 

o 

^=ZwiCg'i-gi-fi+k)^ ...(6) 

1—1 



is T ^- r"^^*^^ *° P«th. and although 1 is altogether 

rf Zd ^ "^rf^l ^ - '^oum as import^t. and they select it suiL^r aZ^" 

a demand to make hght of a surrounding beam of hght. Moreover, k is the real number ch Jn l 
may always become min. and is one of the unknowns in (6) types ^ 

Shf ' '"^'^i" ^-g-ded, when only the value corresponding to the amount fi of gaps 

from the non-abe^taon wave front of a wave fiont changes the optical path length fiom gi to g4. the i^ of 

2 LTt^r^^'oThttT""":''^"^'^^^^ 

^11 A f . * '^^t ^ performed in feet, g'i and k are 

fnn^!?^ ^'^^°^^^^*^^"^*^~°^«°^^th^feastsquaremethod. > gi and k are 

[0067] That is if it asks for — of a parameter with which this performance index phi serves as min bv 

^r'^dr:^' r''7 "t^^ - -hnation.3t^i7of I 

mnxor, and the configurations Gradius of curvatiare, the aspheric sur&ce comiting. Zemike counting ete ) of l 
nu^r mto a pa^eter by count and asks for the di&rence of a design value ^ the opti^^^et 
It wm serve as the amount of amendments. Thus, generally not only the amount of Lendm^r^S 
coX / "^ conjuration of a minx>r but the parameter about the mutiial locatio^ rfl^^t 
contamed m the calculated amount of amendmente. 

[0068] What is necessary is just to adjust according to the amomit of amendments of the parameter about 
^:^^Z f ^1™.°^^^^ f - above-mentioned c«un, in readjusting'trT^o^^^a 
™ accordmg to a oertem adjustment device, in case a mirror is again included in a lens-barrel and 
optical system js assembled, after reworking multilayers. What is neces^ is just to perform op^^n 
which makes the parameter about the mutiial location of a mirror a fixed value, and onlyT p^^r 
aW tiie configuration of a mirror is changed and makes a performance index min in thTc^te 
lens-barrel device which does not readjust a mirror location m «ie case ot the 

[0069] About the pai^eter about a mirror configuration, although only a component symmetiical with 
rotation can be amended only with radius of curvatin. or the number of non-spheLmete JS^ ^iT^ 
developmg to system of orthogonal fimctionses. such as a Zemike polynolal, and e^^X^ fi^d 

[0070] In order to simphfy the above explanation, the case where it optimized only about one in the field of 

rf ,f r "^"^ ^ - or more image poLu^t^l ^ 

tiie field, and i optimizes so that wave abenation may become small in all locations, ^l^^l 
justto^ecificany^^^ 

sum oftivo or more miage points chosen in the field i^ce,aname 
[0071] 

[Equation 2] 

n m 

^ = ZZ Wi(g'ij-gi,.-f;.-fkp^ ...(7) 



W j=l 



0072] gij by the optic^ path length of the beam of hght which passes along i partition of the pupH divided in 
the formula among the beams of hght which cany out image formation to the image point HrCal^uW^ 
value and g'ij By the new optical path length who changed by changing spacing of a r^r^ i^^^f 
andeccentiicityorchangingradiusofcurvatiu..thenumberofnon-Seiletei.^^^^ 




mirror, an unknown and fij In the amount of gaps from the non-aberration wave front of the beam of light 
which passes along i partition of the pupU divided among the beams of hght which carry out image formation 
to the image point j, an actual measurement, weighting at the time of count of as opposed to each optical 
path in wij, and kj are the real nimibers as which phi is chosen so that it may become min, and are always 
one of the unknowns in (7) types. 

[0073] The approach currently generally used for the optimization algorithm at the time of a lens des^ can 
be used for the count technique which asks for the parameter which minimizes the performance index phi in 
(6) and (7) types. For example, what is necessary is just to use the DLS method (Damped Legist Squares, 
attenuation least square method) etc. Or the technique of the optimization count latest [, such as Simulated 
Annealing and Genetic Algorithm (genetic a^orithm), ] may be used. 

[0074] General optimization algorithm is searched for the group of the parameter which makes a 
performance index min, changing a parameter continuously. However, since multilayers are fiirther removed 
the pair every in case multilayers are removed and a reflector configuration is amended, the amount of 
amendments which can actually be performed is not continuous, and is discrete. There is a possibility that 
an error may accumulate and wave aberration cannot be reduced even for sufficient precision even if it 
performs the usual optimization count and amends a field configuration using the approximate value. Then, 
in case optimization count of a parameter is performed, about the parameter about a mirror configuration, it 
is desirable to give limit that only a discrete value can be taken beforehand and to optimize a parameter. 
[0075] It is the requisite that the coimt technique of the amount of amendments in which it explained above 
has the small wave aberration of the optical system before amending to extent of which approximation that 
change of wave aberration is linearity consists to change of a parameter. What is necessary is just to decide 
the spedfication value of the process tolerance of a required mirror substrate, and the assembly precision of a 
lens barrel beforehand based on it, since the range where this premise is realized can be estimated by count. 
[0076] Next, as the sixth process, when only predetermined thickness removes multilayers partially, a mirror 
configuration- is amended. As mentioned above, since the amount which actually removes multilayers is 
larger than the efiEectual amount of amendments of a reflector configuration single or more figures, precise 
field configuration amendment is possible. 

[0077] as the approach of removing multilayers partially -- the small tool correction grinding method, an ion 
beam machining method, and CVM (Chemical Vapor Machining) - law etc. can be used, the one approach is 
invented by this invention persons, and patent appUcation is carried out as an apphcation for patent No. 
321031 [2000 to]. 

[0078] When it is going to process the complicated configuration symmetrical with nonrotation expressed by 
the Zermke pol5niomial etc., it is necessary to decide correctly the system of coordinates which serve as 
[ which location of a mirror side is processed, and ] criteria. Therefore, the mark used as the criteria of a 
coordinate is prepared in the mirror side outside the service area of each mirror. In case this reference mark 
performs rigging of optical system, it can also be used as criteria for reproducing the eccentricity of each 
mirror, an azimuth, an inclination, etc. 

[0079] In order only for predetermined thickness to remove multilayers partiaUy, it is necessary to cany out 
by processing advancing correctly towards a predetermined corrflguration, or repeating a check in the middle 
of processing. Although the depth of the part processed with the optical level diBFerence plan may be 
measured, the simplest approach is mechanical ia measuring a field configuration with an interferometer, or 
a method of using the periodic structure of multilayers itself as a contour line. Kthe fix)nt fece of multilayers 
is shaved oS partially, a high Une, such as consisting of a difference of a color among two kinds of matter 
which constitutes midtilayers, can be seen. Feedback can be appUed to partial removal processing by viewing 
or pictxurizing this and performing an image processing. 

[0080] drawing 7 - the spectrum of Mo and Si - a sxurfece reflection fector is shown. Since the reflection 
fiictors of the part to which Mo appeared in the fiont fiice, and the part in which Si appeared differ when it 
observes using the hght or infi-ared Ught with a wavelength of 400mn or more so that clearly from this 
drawing, the aforementioned contour line is observable. Since the difference of a reflection factor becomes 
large so that wavelength becomes long, in case an image pick-up and an image processing are performed, it 
is desirable to use infirared Hght with a wavelength of lOOOnm • about ISOOnm. 

[0081] Afl»r ending the sixth process, assembly of return optical system is again performed to the third 
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process and wave aberration measurement which is the fourth process is performed. Optical system wiU be 
^mplefaon rfthe wave aberration measured hex. is in specification value within ^e lim.^ V^et^^t 
fiJ£lhng a specification value, the fifth amount count process of amendments, the sixth multilayers twS 
prxxess. and the third optical system erector cany out the cycle of the fourth ;ave aberr^ti^ mZ^me^ 
process repeatedly again untU wave aberration fulfills a specification value measurement 
0082] It IS necessa^ to decide the appearance of each mirror that the reflected beam of Ught is not kicked by 
the mn^r m catoptnc system like EUV optical system. Therefo,.. a hole and notehing ax« prepax^l a 

^IL 7 ^ f which sends mix^r configuration precision afterwards -- the 

penphe^ of a hole or notehmg -- "edge ■- the phenomenon who" will arise and process tolerance will 
degraded "edge --^ who"' is the phenomenon in which a desired configuration pr^^ion is not a^^y^ 

prooessmg whxch sends mirror configuration precision previously is performed and substiate appearance 
processing of a hole, notehing. ete. is pei*.nned afterwards - "edge - although who" Tn^^ZZl 

S^^ 3 h^h ' trouble should just manufectin. optical system at a process as shown in 

S^L^l^ K ^""'^ """"^ ^^"^'^'^^ «hown in drawin. 1 . it 

difers m that the substirate appearance processing process is inserted between the substia^^^ine 
process ^d the multilayer, membrane formation process. Punching of a substiate and^TnL^Tf 
notehmg fonnation are performed here. Although deformation will arise and the configuration p^ of a 
mirxor win deteriorate by substrate appearance pnx=essing. a multilayers membrane Wtion ^^^d 

rm^on:^"'^?. '^ ''f ™ " measurement process more nearly continuo^^e 

component resulting fiom the configuration error pix)duced acconling to defcmLtion by substiate 
appearance processing is contained in the measui^d wave aberration. The pix«ess of todil^t^^ 
same process are advanced after this. Since the deformation produced by substiate app;;^;;;;^^^!^' 
by passing the amount count process of amendments and a multilayers rework proTss wiU^ren^d 
automatically, rt does not have a bad influence on the last engine performance of optical .ystem 

!^ed ""^^ "^^^"^ ^ "^"^ °f ^ EUV aligner is 

f^V^l t """Zl,"" ^^^^ ' P'^j^"" optics consists of four aspheric surfece mirrors, and 
m^rical aperti^ (NA) is 01. a scale foctor is 1/4, and it has the ring field hke exposui. field. Sequ;n^ 
reflection - ---d out by mnrxors Ml. M2, M3. and M4. and image formation ofThe flux of fight eilS 
^Tti^: T '"f ^ - ^ the image sur&ce. The appearance of each mirror (Mm4)TS 

constitutes this opticad system in d^wing^ is shown. The opening 11 for letting the flux of light pl^t 
formed m Ml, M3. andM4. The notehing 12 for pi^venting KERAIffi 

tou^lt^' """" ^ - — ^ criteril is fo^ 

tne outside oi a service area. ±±± 

l!?f ^ ^^i,'^'^ T"^^"^' '"^^ manufectiired with tire conventional polish processing 

^Wr% ,t r"*"".^'^"" '^'^"^^ ™ ^ ^'""^ It was IRMS]. Each rTTr^ 

'^^^'^ ^'"^"^ 14 in the phase of roughing, 

^en, substiate appearmice processing which forms pmiching of Ml, MS. and M4 and notehing of M2 
was performed. When the configuration of each mir^r was measured afl«r performing these p^sl^ 

de™^T ^ ^^^^on of Lmal st^ss tZX3' 

deforms tins by havmg removed a part of mirror. In addition, although configuration measurement was 
performed afi.r substiate appearance processing in tiiis example, tiiei. is usS^ no needT^'rf^" 
configuration measurement in this phase. penormmg 

fo087] Next, the Mo/Si multilayers optimized to the operating wavelength of 13.4mn were formed in the 
Z T^'^^.Tr: ^-tings of multilayers which tire c^cle length of multilaye^ hL 

— ^ -Pf-i-d according to tiie incident angle of the beam of fight in I mirror 

location was made mto 70 layers. These multilayers formed membranes. contioLg thiZ^ 
distribution by ion beam sputtering. ^ uuijaiess 
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[0088] Next, these multilayers mirrors were fixed in the lens-barrel, and optical system was assembled. Only 
mechanical precision performed assembly of optical system and adjustment etc. was not performed. When 
assembling optical system, it used on the basis of the coordinate reference mark 14 so that the azimuth of 
each mirror might become in the always same direction. In addition, this lens barrel is designed in the 
mirror by removable structure with sufficient repeatability. 

[0089] Next, the wave aberration in the wavelei^th of 13.4nm of optical system was measxured. The 
SHAEINGU interferometer which used the laser plasma Ught source was used for measurement. 
Measurement of wave aberration was performed by 15 in the radii-like field. The value of the measured 
wave aberration is 1.9nm. [RMS] to 2.5nm It was the range of [RMS]. 

[0090] Next, the amoimt of amendments of each mirror was calculated finom the measured wave aberration 
and an optical design solution by the approach e:q>lained with "the gestalt of implementation of invention." It 
optimized by making the Zemike polynomial showing the configuration of each mirror of the 36th term into 
a parameter. Since it did not have the adjustment device of a lens"barrel in this example, the parameter 
showing the mutual location of a mirror was not used for the parameter of optimization count. 
[0091] Next, firom the lens"barrel, each mirror was removed and the configuration was reworked according to 
the computed amount of amendments. SmaU tool polish equipment was used for processing. The image by 
the Ught on the fix)nt fece of a mirror was acquired with the CCD camera, the Mo section and the Si section 
which appeared in the fix>nt fece by processing were observed, and it acted as the monitor of the advance 
situation of processing. At this time, the coordinate reference mark 14 was used as coordinate criteria within 
a field. 

[0092] Next, each mirror was again included in the lens-barrel, optical system was assembled, and wave 
aberration with a wavelength of 13.4nm was measiued. Then, wave-finont measurement of rework of each 
mirror and^optical system was able to be repeated several times, and, finally wave aberration of optical 
system was able to be set to 0.5 or less nmEMSs all the points in the field. 

[0093] Thus, it included in the EUV ahgner as shows the manufectvired projection optics to drawings R> 8, 
and the exposmre test was performed. IR1-IR4 are the reflecting mirrors of an illumination-Ught study 
system among, drawing, and PR1-PR4 are the reflectii^ mirrors of projection optics. W is a wafer and M is a 
mask. 

[0094] It is "condensed by Target S and the laser beam irradiated Scom the laser Kght soiux« generates soft X 
ray fiwm Tsurget S according to a plasma phenomenon. It is reflected by reflecting mirrors C and D and 
incidence of this soft X ray is carried out to an iUumination-light study system as parallel soft X ray. And 
sequential reflection is carried out with the reflecting mirrors IR1-IR4 of an iQimiination-Hght study system, 
and the hghting field of Mask M is illxmiinated. With the reflecting mirrors PR1-PR4 of projection optics, 
sequential reflection is carried out and the soft X ray reflected by the pattern formed in Mask M carries out 
image formation of the ime^e of a pattern to the Wth page of a wafer. In this EUV aligner, even the detailed 
pattern of 50 nmL&S (Rhine and tooth space) was resolvable. 

[0095] (Example 2) The example which appUed this invention to the projection optics of an EUV ahgner is 
explained. Projection optics consists of six aspheric sxirfeice mirrors, and niimerical apertiuie (NA) is 0.25, a 
scale fector is 1/4, and it has the ring field-Uke exposure field. 

[0096] First, each aspheric sur&ce mirror was manufectured with the conventional polish processing 
technique. The configuration precision of each mirror is about 0.5nm. It was [RMS]. Then, substrate 
appearance processing which forms punching of Ml, M3, and M4 and notching of M2 was performed. 
[0097] Next, the Mo/Si multilayers optimized by the operating wavelength of 13.4nm were formed in the 
reflector of each mirror. The number of laminatings of multilayers which the cycle length of midtilayers has 
in the range of 6.8-7.5nm, and is optimized according to the incident angle of the beam of hght in a mirror 
**** location was made into 70 layers. These multilayers formed membranes, controlling thickness 
distribution by ion beam sputtering. At the time of membrane formation, on the substrate, the mask was 
carried out and multilayers were formed only in the service area. The suitable opening pattern for a mask is 
prepared at this time, and the mark used as the coordinate criteria made in multilayers was prepared in the 
outside of a service area. 

[0098] Next, these multilayers mirrors were fixed in the lens-barrel, and optical system was assembled. The 
adjustment device is prepared in this lens-barrel, and rnirror spacing, the eccentricity of a mirror, an 
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mdination ete. can be tuned finely. The device in which it can read correctly which moved each amount of 
adjustment by a.e m.a«,meter head is established. Rigging of optical system was performed t^Tti^ 

^en assembhng opUcal system, it used on the basis of the coordinate reference mark so that the Lmul of 
each mmor might become m the always same direction. A coordinate reference mark may be used f^ 
measurement of the eccentricity of not only an azimuth but a mirror, or an inclination. In ad^tion t^ 

ZplTl" r^"'' " repeatability ' 

S D^^' aberration in the wavelength of 13.4mn of optical system was measured. The PDI 
(Pomt Diffiaction Interferometiy) mterferometer which used the undulater light source of synchrotix^n 
^^^r^^T "T"' Measurement of wave aberration was performed ^SZTe 

ta^J!^f2 . ' ''"^ permeability of the optical systern in 

v"ueT?Ihf . "T"' '^'^^'^ ^ -"^^^on in the localn. The 

Jmmtt T " ^ 2.4nm It was the range of OlMS]. 

lOlOOJ Next, the amount of amendments of each mirror was calculated from the measured wave aberration 
and an optical desrgn ^lution by tire approach explained ^th "the gestalt of implementationX^^Z^ ft 
optimrzed by makmg the Zemike polynomial showing the configuration of each mir^r of the 81st te:^^^ a 
parameter IVtor spacmg showing the mutual location of a mirror other than the multipHer of tiL^^e 
polynomial expressmg the configuration of each mirror, eccentricity and an inclination we^X^ fo^e 
parameter ofoptimization count as a parameter. on were also used lor the 

ir,!! ^''tf'"' lens-barrel, each mirror was removed and the configuration was reworked according to 
the comput^ amount of amendmente. Small tool polish equipment was used for prxxessing. The ii^ by 
the hght on the W fece of a mirror was acquired with tire CCD camera, the Mo Ltion a^d the sT^n 

^ti^ation of processmg. At thrs time, the coordinate reference mark was used as coordinate criteria within a 

Tl^T' T J"^ '^'^''^^ ^ lens Wl, optical system was assembled, and wave 

aberration wiflr a wavelength of 13.4mn was measured. Then, wave- W measurement of rework of each 
rnu^rand^t.cal^stemisrepeatedseveraltimes.and.finaUyitisO.4^ 
the wave aberration of optical system. It was able to carry out to below [RMS] 

10103J Thus^when the manufectiued projection optics was included in the EUV aligner and tiie exposure 
testwasperformed.eventhedetailedpattemof30mnL&Swasresolvable and the exposure 

10104] 

^oll te'rf f"^ ^ "^^'^ "PP"^'^ °f - predetermined amount 

"^""Ti f^fL °^ multilayers and amending a reflected wave side configuration effective in 
manufecture of EUV optical ^stem a<x=ording to this invention as explained above. tirTZ^ ab^^n S 

&«t asphenc surfece processmg is sharply eased as compared with the manufectirre apprm^h of opti^ 
^stem of not usmg the wave-front amendment by the conventional multilayer.. compaS>n of t^e S 
whrch manufacture of optical system takes, and reduction of a manufacturi ng colt are attained 

DESCRIPTION OF DRAWINGS " ~ ~ ~ ~ ~ 

[Brief Description of the Drawings] 

^^1"^ '"^"^ P"»- »t ^ optol ^ fl« ^ ^ 

^^.lil^r^ '^'^ ■"""'^ .e,^ wave aicte phase c»^. ,y 

Xaamg^ It is drawing showing the conSguiation of the &m-sheet asphenc surfece prejertion odKcs 
which IS the first example of this invention. pn>iection optics 

OkmamM It is drawing showing the configuration of each miiTor which constitutes the fcureheet .spheric 
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sur&ce projection optics which is the first example. 

[Drawing 6] It is drawing explaining how to measure wave abe3n:ation on two or more wavelength. 

[Drawing 7] the spectrum of Mo and Si - it is drawing showing a surjEace reflection fector. 

[Drawing 81 It is drawing showing the configuration of suitable soft"X-ray optical system to apply this 

invention and an EUV ahgner. 

[Description of Notations] 

11 " Opening 

12 - Notching 

13 " Service area 

14 " Coordinate reference mark 
M1-M4 " Mirror (multilayers mirror) 
L " Laser Ught source 

S - Tai^et 

C " Reflecting mirror 
D " Reflecting mirror 

IR1-IR4 " Reflecting mirror of an iUumination-Ught study system 
PR1-PR4 " Reflecting mirror of projection optics 
M ■■ Mask 
W" Wafer 
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[Drawing 2] 
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[Drawing 4] 




[Drawing 6l 
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[Drawing 8] 




[Translation done.] 
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